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Canparison of Culture Procedures for Regeneration of Plants fran
Protoplast-der ived Calluses of Rice(Oryza satival. )"

YANG YueZSheng JAN Yu2Yu CHEN Yuanl ing

(College of B iotechnology, South China A gricultural U niversity, Guangzhou, 510642)

Abstract  Four different culture procedures combined w ith several treating methods w ere
compared for their effectson regeneration of plantsfrom protoplastderived callusesof rice Only
a snall nunber of weak plants could be regenerated w hen the calluses w ere tranderred and
cultured directly from aproliferation medium containing 2, 42 to aplant regeneration medium
containing BA and NAA (procedure 1). A ddition of ABA to the proliferation medium induced
the formation of nodular callusesw ith enhanced regeneration potential (procedure 2), while
addition of ABA to the regeneration medium reaulted in the formation of compact callusesw ith
auppresxed adventitious buds, w hich would grow fast upon tranger to a grow th medium free of
ABA (procedure 3). By Culturing of the calluses consequently on ABA supplemented
proliferation medium, ABA aupplanented regeneration mediun and the growth medium
(procedure 4), large number of more healthy plantsw asobtained Statistical test indicates that
procedure 2 and 3w eremuch more efficient than procedure 1, w hile procedure 4 w as themost
efficient for plant regeneration
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Several years ago, our laboratory succeeded in obtaining plant regeneration of an indica rice
cultivar Q iuguiai 11, how ever, theplant regeneration efficiency w as very low and themajority
of the regenerated plantsw ere veryweak Through yearsof experment, w e have confimed the
effectivenessof several treating m ethods such as dehydration treatment of the calluses”’, aeration
of the cultures® * and found that use of higher concentration of copper'® w as conducive to plant
regeneration in rice calluses cultures

Recently, in order to mprove further the plant regeneration of the protoplastderived
callusesw e have compared quantitatively and qualitatively four competent culture procedures in
combination with the above mentioned treating methods At the same tme we have al®
investigated the effect of various concentrationsof ABA in wo kindsof media involved in three
of the four culture procedures D etailsof the expermentsare presented in thispaper.

1 MATERIALSAND M ETHOD S

1 1 Protoplast-derived Calluses
Protoplastsw ere ilated from sugension cells originating from dehusked mature seeds of
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the indica rice cultivar Q iuguiai 11 and cultured by the method described before'*. Colonies
recovered from the protoplastsw ere proliferated on N 6 medium ' supplementedw ith 2mg L 2,
4D, 1000 mg L proline, 3% (w v) sucrose and gelled with Q 75% (w v) agar Calluses
grovn from these coloniesw ere used asmaterial for evaluation of the effectiveness of the four
culture procedures
1 2 Regeneration of Plantsfran the Protoplast-der ived Calluses

For the oonvenience of quantitative and qualitative comparioons among the four culture
procedures same amount of 400+ 10 mg fresh callusesw as used as original material for every
treatment in each culture procedure To insure the reliability and reproducibility of the reaultsall
the expermentsw ere repeated at least w ice and the dataw ere subjected to statistical analysis
w hen possible A Il cultures in the present expermentsw ere placed under 10 14 h light dark
photoperiod of about 20 LEm™ *s * provided by daylight fluorescent tubesat 24 26 . Names
and compositions of media for culture of the calluses are given in Table 1, and four culture
procedures are show n as follow s

Table 1 Supplementstomedia used for regeneration of plantsfran protoplast-der ived calluses’

N ane of Supplanents(mg L)
medium? 2,4D BA NAA ABA CuS04 5HO Proline Casein hydrolysate
PDA 2 - - 1,3,6,9 - 1000
PBNA - 2 1 1,3,6,9 125 - 500
RBN - 2 1 - 125 - 500
GBN - Q2 1 - - - 500

N 6 basal elenentsw ere used for all the four media A Il thesemedia contained 3% sucrose andw ere gelledw ith Q 75% agar.
2 PDA, apreculture medium containing 2, 4D and ABA; PBNA, a preculture medium oontaining BA, NAA and ABA;
RBN, a regeneration mediun containing BA and NAA; and GBN, a grow th medium containing BA and NAA.

Procedure 1 Callusesw ere dehydrated (T sukahara and Hiroswa, 1992) — callusesw ere
cultured on RBN (30 days) — regenerated plants and shootsw ere transferred to GBN (20 day9);

Procedure 2 Calluses were cultured on PDA (20 days) — calluses were dehydrated —
callusesw ere cultured on RBN (30 days) — regenerated plants and shootsw ere transferred to
GBN (20 days);

Procedure 3 Callusesw ere dehydrated — callusesw ere cultured on PBNA (30 days) —
callusesw ith or w ithout shoots (buds) were transferred to GBN (20 days);

Procedure 4 Calluseswere cultured on PDA (20 days) — calluses were dehydrated —
calluses w ere cultured on PBNA (30 days) — callusesw ith or without shoots (buds) were
transferred to GBN (20 days).

1 3 Evaluation of Plant Regeneration

N umber of regenerated plantsw as counted at the end of each experiment, and the quality of
the regenerated plantsw as evaluated by w eighing the regenerated plants and by calculating the
arvival rateof the regenerated plantsafter a 10 days liquid cultureperiod 1 3 strengthN 6 salts

®lution of macroelenentsw as used for the liquid culture
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2 RESULTS

2 1 Plant Regeneration by Procedurel

Calluses cultured by procedure 1 regenerated only a very snall nunber of plantson RBN
mediun. Because most of these plants did not have sufficient roots and were snall and very
weak, a subcultureon GBN mediun w as necessary. U pon trander to GBN medium, therew as
only a low rateof theplants could resume sustained grow th
2 2 Plant Regeneration by Procedure 2

Table 2 Effect of var ious concentrations

of ABA n PDA medium? The effectsof ABA at concentrationsof 1, 3,
Concentration Callus grow th Na plants 6 and 9 mg L in the PAD mediun on cultures
of ABA in onPDA (mg  regenerated were compared and the mediun with no ABA
PDA (mgL) fwt flak) on RBN
Q0 334 2 23 ¢ applenent was used as the control The reault of
10 3355 a 25¢ this experment is <wown in Table 2
30 3008 a 46 b Concentrationsof ABA at 1 and 3mg L had only
60 2116 b 89 a

90 1528 ¢ 83a slight effect on proliferation of the calluses and on

A || calluseson PAD were used for plant regeneration in the subsequent culture On
culture on RBN m edium. media with higher concentrations of ABA, the
IData followed by the same letter are not significantly calluses becane more compact and nodular in
different (p> Q 05) acoording to the t2test gopearance Prominent effects of enhancenent on
The smeasin Teble 3 and4 plant regeneration of the callusesw ere observed in
treatments using ABA at concentrationsof 6 and 9mg L. M oreover, root development of the

regenerated plants was al©o mproved by the addition of ABA at the higher levels in PAD

m edium.
2 3 Plant Regmeratim by Procedure 3 Table 3 Effect of var ious concentrations
The effectsof ABA at concentrationsof 1, of ABA n PBNA medium?

3, 6and 9mgL in the PBNA mediun on Concentration Callus grow th Na plants

culturesw ere compared and themedium with no ~ °/ABA MmgL)  onPBNA (mg  regenerated
in PBNA fwt flask) on GBN

ABA aupplement was usd as the control The 0.0 8244 2 8c

reault of thisexperment isshown in Table3 In 10 7277 a 21 be

the control culture the plant regeneration was 30 S715b Sla

) 1L I ! 60 4114 ¢ 62a

just as that by the procedure 1. only a sna 40 2156 d 6D

num ber of w eak plants regenerated Supplement 4 || callusesw ith hoots and budson

of Img L ABA to themedium reaulted in the PBNA w ere used for culture on GBN.

regeneration of some stronger plants On media

withABA at 3 and 6 mg L, calluses regenerated suppressed buds Upon trander to GBN
mediun, these buds burst into fast growth The concentration of 9 mg L saned too high:

calluseson thismediun produced goparently less anount of only heavily suppressd buds The
effectsof BA in GBN medium were al® tested Itwasfound that BA concentration of @ 2mg

L was superior to @ Oor 1 Omg L: without BA supplement the number of regenerated plants
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w as dlightly decreased, whileat 1 Omg L level inhibition to the grow th of the rootsbecame very

evident
2 4 Plant Regeneration by Procedure 4

T he effects of various concentrations of
ABA in PDA and PBNA media on plant
regeneration comparatively  in2
vestigated Calluses cultured on PDA
medium of each treatmentw ere oollected and

were

then divided evenly into three groups and
cultured regectively onto each of the three
kinds of PBNA media Data for nunber of

Table 4 Effect of var ious concentrations of
ABA i PDA and PBNA media?

Concentration  concentration of ABA in PDA (mg L)
of ABA in
10 30 60
PBNA (mg L)
10 15Bb? 19Bb 49 Ca
30 63AcC 97Ab 121Aa
6 0 75Aa 80Aa 77Ba

DA Il calluseson each PAD mediaw ere evenly divided into
three groups and cultured on the three repective PBNA

regenerated plants of the experiment are media

shown in Table 4 The best reault of plant
regeneration w as obtained by culturing the
callusesfirst on PDA medium withABA at 6mg L and then on PBNA mediun with ABA at 3
mg L. M oreover, withABA at 3or 6mg L in PBNA mediun, development of the rootsof the

2 The capital letters in dicate the significance anong row s and

the snall letters anong mlumns

regenerated plantsw as greatly enhanced in GBN medium.
2 5 Quantitativeand Qual itative Canpar issnsof the Four Procedures
T he effectsof the four culture proceduresw ere compared quantitatively and qualitatively.

Table 5 Campar ison of the effectson plant regeneration For quantitative oanparison, data for
of the four culture procedures” the best treatment in each culture
brocedure VO days  Noplants Mean fwt Na plants procedure were wllected And for
i ived? . . .
Required  regenerated  plant(mg) rvived qualitative comparion, the mean
1 55 8 61 2(25 3) )
2 5 89 97 36(40 5) w eight of the regenerated plants and
3 55 62 144 47(75 8) the number of survived plantsafter the
4 75 363 157 291(80 2)

liquid culture period were used

Data in this table are taken from themost proper treatment in each Reallts of the oomparisans shovn in
culture procedure The data for procedure 1 are taken from the cont2

1)

A . Table 5 clearly indicate that procedure
rol in Table 3, and the data for procedure 4 have been revised from

Table 4 by timing 3 to represent the anount of plantsoriginated 1 was the most inefficient, while

from 400+ 10 mgmaterial calluses as in the other treament procedure 3 isobviously more efficient

20btained after a 10May’s liquid culture period Data in parentheses  than procedure 2 because procedure 3

are the percentages had more survival plants as well as
required shorter time for the culture Procedure 4w as no doubt themost efficient one, by w hich
the fresh weight per regenerated plant was doubled and the nunber of srvival plants was

increased by nearly 150 times regectively, in comparisonw ith the control (procedure 1).
3 DISCUSSION

Regeneration of plantsfrom protoplastderived calluses isan indigpensable step in a breeding

progran using protoplasts for uptaking foreign genesor by protoplast fuson In rice, although
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high efficient plant regeneration in protoplast cultures has been reported'” ®

, we believed that
poor regeneration ability of the calluses and poor quality of the regenerated plants are still wo
freqguent and main problens to many breeders In the present experments by comparing four
competent culture procedures, we have sreened a highly reproducible and efficient culture
procedure for regeneration of plantsfrom protoplastXerived callusesof rice

Among the four culture procedures in the present studies procedure 1 (direct transer of
calluses from amediun containing 2, 4D to amediun containing BA or kinetin) was a smple
and the most common culture procedure used in regeneration of plants from rice calluses of
variousorigin including those derived from protoplasts® ™. Procedure 2w asamost the ssme as
the' two2step culturemethod” described by Inoue andM aedal™”’, procedure 3w as smiilar to that
adopted by Yinetal **, andM eiet al "', and procedure 4w asmodified from a culturem ethod
designed by Yang et al **', with main differences in using agaryelled medium instead of their
liquid medium in the first culture stgp and by omitting potato extract in the next step culture
medium. For convenience and in reference to the wo2step culture method, we naned the
procedure 4 &' threestep culture procedure’.

Except procedure 1, the other three procedures enployed ABA. T he enhancing effect of
ABA on plant regeneration culture of rice callus has been described and some of the possible
functions in the culture have been discussed (Inoue and M aeda, 1981; Torrizo and Zgpata,
1986). By the goplication of ABA in the culturemedia, Yang et al  and Yin et al **' had
ucceeded in obtaining plantsw hich could othemw ise not be regenerated by the common culture
method Reaults of the present experments not only confimed the positive effect of ABA on
enhancing plant regeneration, but al® clearly denonstrated the effect of ABA on mproving the
quality of the regenerated plants Thus the three2step culture procedure had satisactory results
N evertheless, the great contribution to the regeneration of plantsby the adopting dehydration of
the calluses, aeration of the culturesand supplament of larger anount of copper to themedium,
alo deserved to bementioned

Some of theplants regenerated w ere grov n to maturity and the fertility w as investigated It
w as found that the fertility of the regenerated plants dropped considerably in comparion w ith
that of plants grow ing from seeds how ever, little difference in fertility w as recognized anong
groupsof plants regenerated by the four culture procedures Thisobservation indicates that the
threeZstep culture procedure has higher goplication potential in practical breeding of rice
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